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(54) Focusing method and system 

(57) According to one aspect of the present inven- 
tion, there is provided a method for controlling of 
charged particle beam to compensate for a potential 
being present on a specimen, the method comprising 
the steps of: moving a charged particle beam over the 
specimen; measuring at least one secondary product 
and/or backscattered particles coming from the speci- 



men to produce an image signal; scoring the image sig- 
nal; changing the beam energy; analyzing the scores 
achieved with different beam energies; and adjusting 
the beam energy based on the analysis, to compensate 
for the potential being present on the specimen. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to methods for auto- 
matic focusing a charged particle beam. Furthermore, 
this invention relates to autofocus of a charged particle 
beam under conditions of charge on the examined 
specimen. 

BACKGROUND OF THE INVENTION 

[0002] Due to their high resolving power, beams of 
negatively or positively charged particles are used for 
the examination of specimen. Compared to optical light, 
the resolving power of a beam of charged particles is 
several magnitudes higher and allows for the examina- 
tion of much finer details. Accordingly, charged particle 
beams, especially electron beams, are used for the 
inspection of masks and wafers used in semiconductor 
technology, which requires a very high resolution. 
[0003] In order to get a sharp and clear picture of 
the specimen, it is necessary to focus the charged par- 
ticle beam on the specimen. Due to the fact that most 
specimen show some variation in their surface height, 
the charged particle beam has to be refocused from 
time to time so that a certain image quality is main- 
tained. The focusing of the charged particle beam is 
usually done by either varying the current supplied to 
the objective lens, and thereby changing the focal 
length, or changing the working distance to the speci- 
men using a 2-stage. 

[0004] Performing autofocus using changes in the 
current supplied to the objective lens is somewhat prob- 
lematic. Due to the high inductance of the magnetic lens 
coils, the response is very slow and rapid changes in 
the focal point cannot be made. Furthermore, a varia- 
tion in the objective lens current causes a change in the 
magnification and a rotation of the scanning direction of 
the charged particle beam, changes which are difficult 
to characterize exactly for each working situation. 
Accordingly, there is need for an improved method for 
autofocus of charged particle beam. 
[0005] A different method to focus an electron beam 
is described in USP 4,999,496. USP 4,999,496 recog- 
nizes that changes in focal length or working distance 
also cause changes in the magnification. In order to 
compensate for changes in magnification, it teaches to 
change the beam voltage until a focus is achieved, and 
use the amount of change to compensate for the 
changes in magnification. 

[0006] Apart from surface topography, it has been 
found that the presence of an electric potential on the 
surface of the specimen can also lead to a serious 
degrade in the image quality and focus. The electric 
potential on the surface of the specimen may be caused 
by an unintentional or unavoidable charging of the spec- 
imen. The electric potential on the surface of the speci- 



men may also be caused by intentionally applying a 
voltage to the specimen. A voltage can be applied to a 
wafer, for example, in order to obtain voftage contrast 
imaging which is used to detect shorts in a circuit. 

5 These effects are yet to be countered effectively. 

[0007] Some specimen, like for example semicon- 
ductor wafers, contain a plurality of different target 
areas that have to be examined. Due to the fact that 
most specimen are warped and that they usually exhibit 

10 some undulations in their surface height, it is often nec- 
essary to refocus the charged particle beam on each 
target area. Unfortunately, this refocusing of the 
charged particle beam on each target area is a rather 
time consuming operation. One commonly used way is 

15 to focus an optical system on each target area and to 
learn each target area height. Once each target area 
height is known, the electron beam can be driven to the 
right focus on a specific target area if the function of 
electron beam focus versus the target area height is 

20 known. However, apart from being a rather time con- 
suming operation, the process described above leads to 
additional disadvantages. The transparency of the tar- 
get area may lead to significant errors in the focusing of 
the electron beam because the optical system may 

25 measure the target area height incorrectly. Further- 
more, an electric potential being present in the target 
area will usually lead to a serious degradation of the 
image quality. Accordingly, there is also a need for a 
faster and more reliable method for focusing a beam, 

30 especially a charged particle beam, onto a target area. 
[0008] Prior art methods for focusing a charged par- 
ticle beam often require a definition of a focus search 
range for the focus setting and than form corresponding 
image signals in different focus states of the beam in a 

35 way that the focus search range is covered. Focus 
scores are computed for every image and the scores of 
all the images are then compared. The value of the 
parameter corresponding to the image having the high- 
est score is selected for the actual measurement. In 

40 many cases, however, the predetermined search range 
does not include the best focus state and therefore the 
prior art approach is not capable of finding the best 
focus state. Furthermore, even if the predetermined 
search range does include the best focus state, a lot of 

45 time is usually wasted, because image signals have to 
be formed throughout the whole search range. Accord- 
ingly, there is also a need for a faster method for focus- 
ing a charged particle beam, that does not require a 
predetermined search range. 

50 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a method for 
automatic focusing a charged particle beam, which 
55 compensates for both surface topography and electric 
charge on the specimen. According to one embodiment 
of the invention, "global" focusing is done using a Z- 
stage, while correction, especially for charge, are made 



2 



3 

by changing the beam energy. Thus, a fast response is 
provided for charging effects, while avoiding changes in 
magnification or scanning direction. 
[0010] According to one feature of the invention, the 
negative effects of an electric potential being present on 5 
the surface of the specimen are overcome by analyzing 
scores of images achieved with different beam energies 
and by adjusting the beam energy according to the 
analysis. Thereby, image quality problems caused, for 
example, by a wafer charged with a static charge and io 
showing a surface potential in the range of a couple of 
hundreds volts, for example + 1 00 to — 400 V, can be 
corrected without any image rotation. Furthermore, 
there is no necessity to correct stigmation or other beam 
alignments. Moreover, according to the inventive solu- is 
tion, the magnification remains constant. Accordingly, 
there is no need to provide a magnification compensa- 
tion. Compared to an adjustment of the current through 
the objective lens, the response speed is considerably 
increased and any hysteresis phenomena, usually con- 20 
nected with a change in the objective lens current, can 
be avoided. The present invention also provides an 
apparatus for the examination of specimen that is capa- 
ble of performing this improved method. 
[0011] According to a further aspect, the present 25 
invention provides a method for mapping a charge dis- 
tribution on the surface of a specimen. The method 
uses the information contained in the corrections, that 
are made by changing the beam energy, in order to 
compensate for electric charge on the specimen. For 30 
each scanned location the beam energy or the changes 
to the beam energy together with the coordinates of the 
scanned location are recorded, so that a map showing 
the charge distribution and/or the field distribution on 
the surface of the specimen can be constructed. Such a 35 
map can be of very high value, for example, when a fail- 
ure in a circuit design has to be found. The present 
invention also provides an apparatus for providing a 
map of the charge distribution on the surface of a spec- 
imen. 40 
[0012] According to a still further aspect, the 
present invention provides an improved method for 
focusing a beam onto a target area of a specimen. The 
method uses images of a repeating pattern that lies in 
the path of the beam on its way to the actual target area. 45 
Scores of these images that are achieved with different 
focus settings are analyzed and the correct focus set- 
ting is then used once the beam has reached the target 
area. This method has the advantage that the informa- 
tion about the correct focus is gathered during the time so 
period in which the specimen and/or the beam is moved 
to the actual target location. Furthermore, this is done 
through an analysis of the information obtained by the 
images created by the beam itself. The beam is basi- 
cally in focus when it reaches the target area. Accord- 55 
ingly, a lot of time, that usually has to be used for 
collecting all the information about the surface height of 
each target area, can be saved and the throughput is 
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increased. The present invention also provides an 
apparatus for the examination of specimen that is capa- 
ble of performing this improved focusing method. 
[0013] According to a further aspect, the present 
invention provides a further improved method for auto- 
matic focusing a charged particle beam. The method 
uses the image scores of two successive focus states 
and changes the focus state then in a direction that will 
yield an improvement in the scores. This is repeated 
until the score has reached a predetermined value or 
the changes in the scores (or in the focus states) are 
smaller than a predetermined value that is, for example, 
smaller or equal to the depth of focus of the beam. The 
method has the advantage that there is no need to 
define the focus search range in advance and the 
method in most cases converges much faster than the 
methods used in the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] Some of the above indicated and other more 
detailed aspects of the invention will be described in the 
following description and partially illustrated with refer- 
ence to the figures. Therein: 

Fig. 1 is a block diagram of an apparatus according 
to an embodiment of the present invention. 

Rg. 2 is an enlarged view of the lower part of the 
apparatus shown in Fig. 1 . 

Rg. 3 shows a situation when an electron beam is 
moved over an edge of an aluminum wiring. 

Rg. 4 is a graph illustrating the variation of the cur- 
rent Is representative of the number of secondary 
electrons while the electron beam is moved from 
the position I to the position III in Fig. 3. 

Rg. 5 is a block diagram of an apparatus according 
to further embodiment of the present invention. 

Rg. 6 is a block diagram of an apparatus according 
to still further embodiment of the present invention. 

Rg. 7 is a schematic diagram showing a semicon- 
ductor wafer having four dies. 

Rg. 8 shows a situation when an electron beam is 
moved over several edges of an aluminum wiring. 

Rg. 9 is a graph illustrating the variation of the cur- 
rent ! s representative of the number of secondary 
electrons corresponding to the situation shown in 
Rg. 8. 

Rg. 10 shows a flow chart of a further improved 
method for automatic focusing a charged particle 
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beam. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0015] Preliminary, it should be appreciated by 
those skilled in the art that the present invention can be 
used with any charged particle device. However, for 
convenience, then invention will be described with 
respect to its implementation in an scanning electron 
microscope (SEM). Those skilled in the art would also 
appreciate that all discussions herein relating to volt- 
ages and potentials refer to relative and not absolute 
terms. For example, accelerating the beam by connect- 
ing the cathode to "ground" and applying 9 kilovoits to 
the sample is equivalent to applying negative 9 kilovoits 
to the cathode and placing the specimen at ground. 
Therefore, while for convenience some discussion is 
provided in terms of specific voltages, it should be 
understood that the reference is to relative potential. 
[0016] A first embodiment according to the inven- 
tion is shown schematically in Fig. 1 . An electron beam 
4 is emitted from the electron source 2 e.g. a tungsten- 
hairpin gun, a lanthanum-hexaboride gun, or a field- 
emission gun. In order to accelerate the electrons com- 
ing from the electron source, the electron source is sup- 
plied by a high voltage supply unit. The electron source 
2 is followed by a condenser lens 5, which demagnifies 
the beam and guides the beam towards a specimen 8. 
The beam 4 of charged particles then enters the scan- 
ning coils 12A and 12B, which are used to move the 
electron beam 4 over a target area on the specimen 8. 
The scanning coils 12A and 12B are followed by the 
objective lens 1 0 for focusing the particle beam 4 onto a 
specimen 8, which is located on the specimen support 
1 1 . The objective lens can be magnetic or electrostatic. 
The specimen support 11 is capable of moving the 
specimen 8 in all directions. 

[0017] When the electrons strike the surface of the 
specimen 8, they undergo a series of complex interac- 
tions with the nuclei and electrons of the atoms of the 
specimen. The interactions between the incident elec- 
tron and the atoms of the specimen may be elastic or 
inelastic. The interactions produce a variety of second- 
ary products, such as electrons of different energy, X 
rays, light, and heat, as well as electrons scattered 
backward. Many of these secondary products and/or 
the backscattered charged particles are used to pro- 
duce the image of the specimen and to collect additional 
data from the specimen 8. 

[0018] A secondary product of major importance to 
examination or the image formation of specimens are 
secondary electrons that escape from the specimen 8 
at a variety of angles with relatively low energy (3 to 50 
eV). These secondary electrons reach the detector 16 
and are detected. By scanning the electron beam 4 over 
the specimen 8 and displaying/recording the output of 
the detector 1 6 an image of the surface of the specimen 



8 is formed. 

[0019] The different parts of the apparatus are con- 
nected to corresponding supply units, the high voltage 
supply unit 21, the condenser lens supply unit 22, the 

5 scanning coil supply unit 23, the objective lens supply 
unit 24, the specimen voltage supply unit 25 and the 
stage supply unit 26, which are controlled by the param- 
eter adjustment unit 31. The parameter adjustment unit 
31 is connected with the standard setting unit 35, which 

10 provides a basic set of parameters to the parameter 
adjustment unit 31 . As is known in the art, the objective 
lens supply unit 24 controls the objective lens according 
to parameters supplied by the parameter setting unit 35, 
so that the lens focuses the electron beam on the sur- 

15 face of the specimen 8. The parameters are selected 
according to an autofocus system (not shown) that is 
per $e known in the art, and focuses the beam accord- 
ing to the topography of the specimen. 
[0020] However, in case that an electric potential is 

20 present on the surface of the specimen, the default val- 
ues provided by the parameter setting unit 35 will usu- 
ally result in poor image quality. The specimen may, for 
example, be unintentionally charged with a static 
charge and may exhibit a surface potential, for example 

25 in the range of + 1 00 to — 400V. This problem is exac- 
erbated by the fact that the charge on the sample 
changes as the sample is scanned for imaging. So while 
the focus may be adjusted to obtain optimal image of an 
uncharged sample, as the sample is scanned for imag- 

30 ing it gets increasingly charged and the focus changes 
and the image is degraded. 

[0021] The electric potential on the surface of the 
specimen may also be caused by intentionally applying 
a voltage to the specimen 8. In order to do that, the 

35 parameter adjustment unit 31 generates a signal to the 
specimen voltage supply unit 25, which applies a corre- 
sponding voltage to the specimen support 1 1 and spec- 
imen 8. The voltage applied to the specimen 8 can be 
used, for example, to filter out those secondary elec- 

40 trons that have less than a certain energy, or to assist 
secondary electrons escape high aspect features, such 
as holes and vias. 

[0022] Fig. 2 exemplifies the effects of a positive 
potential applied to the specimen 8, thereby creating an 

45 electrons attractive field. The electron beam 4 hits the 
specimen 8 and secondary electrons escape from the 
surface of the specimen 8 at a variety of angles with rel- 
atively low energy (3 to 50 eV). Those secondary elec- 
tron 6 that have less than a predetermined energy, e.g. 

so 20 V, are not capable of escaping the attractive field and 
reach the detector 16. Consequently, they follow a 
curved path back to the specimen 8. Only those sec- 
ondary electrons 7 that have more than the predeter- 
mined energy will escape the resulting attractive field 

55 and reach the detector 1 6. Accordingly, the positive volt- 
age applied to the specimen 8 can be used to filter out 
those secondary electrons that have less than a prede- 
termined energy. On the other hand, by supplying neg- 
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ative potential to the sample, a repelling field is created 
that assists the electrons escaping the sample. The 
voltage supplied to the specimen may also be used in 
order to obtain voltage contrast imaging. Voltage con- 
trast imaging is often used to detect shorts in a circuit 
produced on a semiconductor wafer. 
[0023] However, apart from these positive effects, 
an electric potential present on the surface of the spec- 
imen does also effect the electron beam 4. Unfortu- 
nately, the effects on the electron beam 4 usually results 
in a degradation of the image quality. Specifically, when 
the potential on the specimen 8 changes, the image is 
distorted as being out of focus. 
[0024] Therefore, according to an advantageous 
embodiment of the present invention, the parameters of 
the objective lens are set according to the surface 
topography. However, an additional autofocus output is 
used to vary the beam energy so as to compensate for 
specimen charge. That is, the objective lens is set to a 
general focus setting, while the beam energy is control- 
led to compensate for changes in focus settings due to 
surface topology or specimen charge. In this manner, 
"fine" tuning of the focal point of the beam can be rapidly 
performed since the lens operating parameters remain 
constant. Additionally, changes in the beam energy, 
while compensating for focus changes, do not result in 
image rotation. Moreover, since the change in beam 
energy is equivalent to the amount of charge on the 
specimen, no change in magnification occurs, and there 
is no need to compensate for magnification changes. 
[0025] In operation the autofocus is first used to 
determine a basic focus parameter for the objective lens 
and/or Z-stage. Then the lens parameters are fixed, and 
any changes dictated by the autofocus system are 
translated into beam energy changes. One advanta- 
geous embodiment utilizing such a beam-energy focus- 
ing will now be described. 

[0026] The objective current is set constant to focus 
the beam at a predetermined working distance. An opti- 
cal autofocus system (not shown) is used to map the 
topography of the specimen, or selected targets there- 
upon. Such optical autofocus systems are well known in 
the art. For example, one such system is incorporated in 
the global pre-aligner of the CD-SEM 9000Si system 
available from Applied Materials for Santa Clara, Ca. 
Another optical autofocus which measures the elevation 
of the sample at a point under the electron beam is dis- 
closed in USP 5,31 1 ,288. Any of such systems can be 
used so as to bring the inspected surface to the appro- 
priate working distance that is at the focus point of the 
objective. 

[0027] The specimen support 11 (Z-stage) driven 
by the stage supply unit 26 is used to bring each loca- 
tion/target to the appropriate working distance W from 
the objective. Thus, when the optical autofocus and Z- 
stage have zero errors, each location/target on the 
specimen is brought into focus under the objective. 
However, as is well known, small errors can always be 



introduced into the autofocus system and Z-stage. 
These small errors are corrected using changes in the 
beam energy. The following is an example of one 
method for making these small adjustments. 

5 [0028] The analyzing unit 32 causes the parameter 
adjustment unit 31 to transmit a corresponding signal to 
the scanning coil supply unit 23, so that the electron 
beam scanned over the specimen or a predetermined 
portion thereof. The electron beam hits the specimen 8 

10 and secondary electrons coming from the specimen 8 
are detected by the detector 16. Accordingly, an image 
signal is produced and the image signal is transmitted to 
scoring unit 33, which scores the images in order to 
determine the quality of the images. The resulting 

15 scores are sent to the analyzing unit 32, which after a 
predetermined time interval, causes the parameter 
adjustment unit 31 to generate a beam energy changing 
signal. Based on the beam energy changing signal the 
voltage supply unit 21 increases the accelerating voft- 

20 age by a predetermined amount and maintains this new 
accelerating voltage until a further beam energy chang- 
ing signal arrives. Furthermore, the analyzing unit 32 
causes the parameter adjustment unit 31 to transmit a 
corresponding signal to the scanning coil supply unit 23, 

25 so that electron beam repeats its motion over the spec- 
imen. 

[0029] The detector 1 6 continues to measure the 
secondary electrons coming from the surface of the 
specimen, so that an image signal is produced. The 

30 scoring unit 33 continues to score the image signal and 
sends the scores to the analyzing unit 32. After a further 
predetermined time interval the analyzing unit 32 
causes the parameter adjustment unit 31 again to gen- 
erate beam energy changing signal. Based on the beam 

35 energy changing signal the voltage supply unit 21 
decreases the accelerating voltage by a predetermined 
amount and maintains this new accelerating voltage 
until a further beam energy changing signal arrives. 
Furthermore, the analyzing unit 32 causes the parame- 

40 ter adjustment unit 31 again to transmit a corresponding 
signal to the scanning coil supply unit 23, so that elec- 
tron beam repeats its motion over the specimen. 
[0030] By scoring the resulting image signal for the 
last time interval and sending the results to the analyz- 

45 ing unit 32, the analyzing unit 32 has enough informa- 
tion to compute a value for the beam energy, so that the 
electric potential being present on the specimen 8 is 
compensated. The analyzing unit 32 will then cause the 
parameter adjustment unit 31 to generate beam energy 

so changing signal, so that the correct beam energy will be 
used for the following measurement. Typically, the 
accelerating voltage is varied within a few ten volts (±), 
for example ± 60 Volts, of a nominal value, provided by 
the parameter setting unit 35. Such small changes 

55 cause negligible changes in magnification. 

[0031] As an alternative to the method described 
above, the analyzing unit 32 may cause the parameter 
adjustment unit 31 to change the beam energy in prede- 
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termined steps and the corresponding images are 
stored in the scoring unit 33 before the actual scoring is 
performed. After the scoring unit 33 has scored the 
stored images, the scores are transferred to the analyz- 
ing unit 32. The analyzing unit 32 then has enough infpr- 5 
mation to compute a value for the beam energy, so that 
the electric potential being present on the specimen 8 is 
compensated. The analyzing unit 32 will then cause the 
parameter adjustment unit 31 to generate beam energy 
changing signal, so that the correct beam energy will be 
used for the following measurement. 
[0032] In order to score the images a variety of 
methods can be used. A preferred method to score the 
quality of an image is described with reference to Figs. 
3 and 4. Some specimen 8, for example semiconductor 
wafers, exhibit sharp feature edges on their surface. 
The preferred scoring method scores the quality of an 
image based on the sharpness of that part of the image 
that represents the feature edge. Obviously, the highest 
scores are given those image that show the feature 
edge as sharp as possible. 

[0033] Fig. 3 shows a situation when the electron 
beam is moved over a single edge 48 of an aluminum 
wiring 47 present on top of a Si0 2 -layer 49. Thereby, the 
electron beam is moved from a position I to a position III 
via an intermediate position II. At position I, the entire 
electron beam does not hit the edge 48 of the aluminum 
wiring 47. Due to fact that secondary electrons can only 
escape from a small area near the surface of the die, 
only a few secondary electron are emitted from the sur- 
face of the die. At the position II, the electron beam hits 
the edge 48 of the aluminum wiring 47. Due to vertical 
surface of the edge 48, the surface area from which sec- 
ondary electrons are able to escape is enlarged. 
Accordingly, the number of secondary electrons, that 
are emitted from the surface of the die, is increased. At 
position III, the entire electron beam hits the flat surface 
of the aluminum wiring 47 and the number of secondary 
electrons is reduced. Due to the fact that different mate- 
rials exhibit different secondary emission efficiencies, 40 
the collected signal at the detector varies according to 
different materials. Since aluminum has a higher sec- 
ondary emission efficiency than Si0 2 , the number of 
secondary electron at position III is higher than the 
number of secondary electrons at position I. 45 
[0034] Fig. 4 is a graph illustrating this variation of 
the current l s representative of the number of second- 
ary electrons while moving from the position I to the 
position III via the intermediate position II. The graph l s 
shown in Fig. 4 is intended to describe general aspects so 
of the detected signal like edge enhancement and 
material contrast. The actual shape of the graph l s , 
however, depends on a plurality of parameters and may 
differ from the shape of the graph lg shown in Fig. 4. 
[0035] Especially, the precise shape of the graph l s 55 
depends on the spot size of the electron beam and the 
spot size of the electron beam basically determines the 
image quality. A smaller spot size leads to an image of 



higher quality, especially to an image of higher resolu- 
tion. Accordingly, by scoring the sharpness of the graph 
shown in Fig. 4 the quality of an image can be scored. 
The sharpness of the graph l s can be scored, for exam- 
ple, by examining the first derivative of the graph l s or by 
using the Fourier transform of the graph l s , which yields 
the weight of high frequencies corresponding to sharp 
edges. 

[0036] By analyzing scores of images achieved with 
different beam energies and by adjusting the beam 
energy according to the analysis, image quality prob- 
lems caused, for example, by a surface potential in a 
range of a couple of hundreds volts, can be corrected 
without any image rotation. Furthermore, there is no 
necessity to correct stigmation or other beam align- 
ments. In many cases magnification remains constant. 
Accordingly, there is no need to provide a magnification 
compensation. Compared to an adjustment of the cur- 
rent through the objective lens, the response speed is 
considerably increased and any hysteresis phenomena, 
usually connected with a change in objective lens cur- 
rent, can be avoided. 

[0037] When the focus is finely tuned, imaging can 
begin. However, there may still be an issue of charge. 
That is, scanning of the wafer with the charged particle 
beam may introduce charge, or charge may be present 
and/or migrate inside the specimen before the scan- 
ning. In such a case, a deterioration in the image quality 
will occur. To correct for such degradation, the process 
detailed above for fine tuning of the focus is repeated, 
either automatically or upon manual instruction of the 
user. That is, images at various beam energy are 
scored, and the beam energy corresponding to the best 
image is used for the final imaging. 
[0038] Also, as noted above, charge may be delib- 
erately introduced in order to cause specific imaging 
effects, such as voltage contrast imaging or high aspect 
ratio imaging. In such a case, specimen voltage supply 
unit is used to apply a potential to the specimen. In 
order to avoid degradation of the image, a correspond- 
ing potential is also added to the beam energy by the 
high voltage supply unit 21, such that the potential 
between the tip and the specimen remains constant. 
[0039] Another advantageous feature of the present 
invention is providing mapping of charging on a speci- 
men. Specifically, as noted above, in many circum- 
stances the specimen, such as a semiconductor wafer, 
may be charged beforehand by various unrelated proc- 
esses. It is very desirable to be able to analyze the dis- 
tribution of the charging over the surface. Additionally, 
the ability to map charging on the specimen surface can 
assist in testing the devices manufactured on the wafer. 
For example, the application and mapping of charge on 
the wafer can assist in investigation of the performance 
of the device and identification of faults such as shorts 
and disconnects. 

[0040] In order to provide the charge mapping 
according to one method of the present invention, the 
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specimen is brought to the appropriate working dis- 
tance and the voftage suppliers 21 and 24 are set to the 
standard operation potentials. Then the surface of the 
specimen is scanned, while the analyzing unit 32 con- 
tinuously cause the parameter adjustment unit 31 to 
change the beam energy so that each scanned location 
is in best focus. The amount of change in the beam 
energy from the standard operation is then recorded 
with the corresponding coordinates of the imaged loca- 
tion. From this data, a charge distribution map is con- 
structed. Since the resolution of the SEM is very high, 
the charge distribution map can be made up to micron 
accuracy. It should be appreciated that when no auxil- 
iary bias is applied to the sample the SEM is adjusted 
so that the yield is 1, i.e., the standard beam energy is 
adjusted so that the number of electron entering and 
leaving the sample is about the same. 
[0041] Fig. 5 shows a block diagram of an appara- 
tus corresponding to this aspect of the present inven- 
tion. This embodiment is similar to that of Figure 1, 
except for the following. A recording unit 37 is provided 
in addition to analyzing unit 32. The recording unit 37 is 
connected with the analyzing unit 32, in order to store 
for each scanned location the beam energy or the 
changes of the beam energy together with the coordi- 
nates of the scanned location. The scanned locations 
may result from a predetermined subdivision of a target 
area on the specimen or the scanned locations may cor- 
respond to features present on the surface of the speci- 
men. By scanning each location the analyzing unit 32 
determines the correct beam energy so that scanned 
location is in focus. This information together with the 
coordinates of the scanned location is then sent to the 
recording unit 37, so that map of the charge distribution 
can constructed. 

[0042] Fig. 6 shows a block diagram of an appara- 
tus according to a still further aspect of the present 
invention. This embodiment is also similar to that of Fig- 
ure 1 , except for the following. The high voltage supply 
unit 21 , the condenser lens supply unit 22, the scanning 
coil supply unit 23, the objective lens supply unit 24, the 
specimen voltage supply unit 25, and the stage supply 
unit 26 are now controlled by the parameter adjustment 
unit 61 . The parameter adjustment unit 61 is connected 
with the standard setting unit 65, which provides, based 
on the measurement requirements, a basic set of 
parameters to the parameter adjustment unit 61. The 
values of the parameters, like beam energy, condenser 
lens current and objective lens current, provided by the 
standard setting unit 65 are used as starting values, 
which may then be changed in the process of focusing 
the electron beam on the different target areas of the 
specimen 8. 

[0043] Furthermore, the parameter adjustment unit 
61 is connected with the analyzing unit 62, so that, 
based on the analysis performed by the analyzing unit 
62, the parameters of the apparatus can be adjusted to 
get a good performance. The analyzing unit 62 is also 



connected to the scoring unit 63, which receives the 
image signal from the detector 1 6. The scoring unit 63, 
on the one hand, modifies the image signal, so that the 
image signal can be displayed on the computer screen 
5 64. On the other hand, the scoring unit 63 examines and 
scores at least portions of the image signal, so that 
quality of the image signal can be determined by the 
analyzing unit 62 based on scores provided by the scor- 
ing unit 63. 

w [0044] Fig. 7 shows a schematic view of a semicon- 
ductor wafer 40 carrying only four dies 42, 43, 44, 45. 
The dies contain the structures, for example a predeter- 
mined part of the metallization, that have to be exam- 
ined in order to control the quality of the process used to 

75 prepare the structures. Accordingly, each die contains a 
target area 52, 53, 54, 55, in which, for example, the 
dimensions of an aluminum wiring have to be deter- 
mined. The beam 4 may also be used for a defect 
review, where the beam 4 (or the stage 1 1) is the driven 

20 from defect to defect which are located randomly over 
the surface of the wafer. 

[0045] In order to reach the different target areas, 
the electron beam is moved from a starting point 51 on 
the wafer to the first target area 52 along a path 56. 

25 After the measurement has been completed in the first 
target area 52, the electron beam is moved to the sec- 
ond target area 53 and so on until all the measurements 
are completed. This movement of the electron beam is 
achieved by keeping the electron beam directed to a 

30 fixed spot (spot mode) and moving the wafer relative to 
the electron beam. The movement of the wafer is 
caused by a corresponding movement of the stage 1 1 in 
X or Y direction. As alternative, the electron beam may 
also perform a scanning movement with regard to wafer 

35 (scanning mode) while the wafer is held in the correct 
position. A combined movement of the stage 1 1 and the 
beam 4 may also be utilized. 

[0046] fn order to find the correct parameter setting 
for each target area 52, 53, 54, 55, in the prior art an 

40 optical distance measurement unit is used to measure 
the surface height of each target area. This information 
would then be transferred to the standard setting unit 65 
so that a standard setting of parameters can be deter- 
mined for each target area. This process takes place 

45 before the actual measurement begins and adds a con- 
siderable time delay to the whole measurement proc- 
ess. In the following it is explained how this time delay 
can be avoided. 

[0047] By moving the electron beam over the first 
so die 42 along the path 56, the electron beam already hits 
features or structures which are present in the area of 
the die 42 or which are present in the areas surrounding 
the die 42. Accordingly, feature edges, for example 
edges of a dielectric layer, edges of a photoresist layer 
55 or edges of a metallization, can be used as a repeating 
pattern in order to score the focusing properties of the 
electron beam. Preferably, those feature edges are 
used which extend perpendicular to movement of the 
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electron beam. Feature edges present on a semicon- 
ductor wafer have the advantage that all feature edges 
of a certain type, for example the edges of a metalliza- 
tion, basically have the same dimensions. Accordingly, 
by moving the electron beam over two spaced apart fea- 
ture edges of the same kind, basically the same image 
signal is produced. If the focusing properties of the elec- 
tron beam are changed while moving from one feature 
edge to the other feature edge, different image signals 
are produced. However, due to the fact, that these differ- 
ences in the image signals are only caused by the 
changed focusing properties, the correct beam focus 
can be determined. 

[0048] Fig. 7 shows a situation when the electron 
beam is moved over several edges of the aluminum 
wires 47A, 47B, 47C along its path 56. Thereby, the 
electron beam 4 is moved from the left to the right. As 
explained with regard to Fig. 3, every time the electron 
beam 4 moves over an edge the number of secondary 
electrons increases. Fig. 8 is a graph illustrating this var- 
iation of the current l s representative of the number of 
secondary electrons while moving the electron beam 4 
over the aluminum wires 47A, 47B, 47C. 
[0049] In order to gather the information needed to 
focus the electron beam 4 while it moves to the first tar- 
get area 52, the value of at least one parameter affect- 
ing the focusing properties of the beam is changed. 
Preferably, the beam energy is changed in order to 
affect the focusing properties of the electron beam. 
However, the objective lens current, the position of the 
stage 1 1 in Z direction or the potential of the wafer 8 
may also be changed, in order to affect the focusing 
properties of the electron beam. By changing the focus- 
ing properties of the beam the spot size of the electron 
beam is changed and, therefore, the shape of the graph 
l s is changed. 

[0050] In the situation shown in Fig. 8 the electron 
beam 4 moves with a predetermined beam energy over 
the aluminum wire 47A. The resulting current of second- 
ary electrons is shown below in Fig. 9. After the electron 
beam 4 has been moved over the wire 47A the beam 
energy (or, e.g., the lens current) is increased. In the sit- 
uation shown in Fig. 8 an increase in the beam energy 
or objective lens current leads to a decrease in the spot 
size of the electron beam 4 hitting the wafer. Accord- 
ingly, the electron beam 4 now moves over the wire 47B 
with a smaller spot size than before. The resulting cur- 
rent of secondary electrons is again shown below in Fig. 
9. It can be seen that a smaller spot size of the electron 
beam 4 leads to a sharper graph l s . After the electron 
beam 4 has been moved over the wire 47B the beam 
energy is decreased. Accordingly, the electron beam 4 
now moves over the wire 47C with a large spot size and 
the width of the peaks of the graph l s is increased. 
[0051] The change in the beam energy results in a 
different shape of the graph l s , which, accordingly, leads 
to a different score for sharpness of graph. By changing 
the value of the beam energy in the positive as well as 



in the negative direction in relation to a predetermined 
default value, the direction of the focusing error can be 
determined. If a change of the beam energy in the pos- 
itive direction (higher beam energy) leads to a graph 

5 having a higher score than a change of the beam 
energy in the negative direction (lower beam energy), it 
means that the value of the beam energy has to be 
changed in the positive direction, in order to focus the 
electron beam onto the target area. Furthermore, by 

io analyzing the differences in the scores not only the 
direction of the error but also the magnitude of the error 
function can be calculated. 

[0052] In order to find the parameter (e.g. beam 
energy, objective lens current, height of stage, etc) for 

15 the correct focus, one may also define a focus search 
range for the parameter and than form corresponding 
image signals in different focus states of the beam in a 
way that the focus search range is covered. The scores 
of all the image signals are then compared and the 

20 value of the parameter corresponding to the image sig- 
nal having the highest score is selected for the actual 
measurement. 

[0053] In the following the operation of the appara- 
tus shown in Fig. 6 will be described. Based on the 

25 measurement requirements, the standard setting unit 
65 provides a basic set of parameters to the parameter 
adjustment unit 61. Accordingly, the parameter adjust- 
ment unit 61 transmits corresponding signals to the high 
voltage supply unit 21 , the condenser lens supply unit 

30 22, and the objective lens supply unit 24, so that a 
default accelerating voltage, a default condenser lens 
current and a default objective lens current is used. Fur- 
thermore, the parameter adjustment unit 61 transmits 
corresponding signals to the scanning coil supply unit 

35 23 and the stage supply unit 26, so that the electron 
beam directed to a fixed spot (spot mode) and the stage 
1 1 moves the wafer from a starting point to a position 
corresponding to the first target area. 
[0054] During the movement of the wafer the elec- 

40 tron beam 4 hits the wafer and secondary electrons 
coming from the wafer are detected by the detector 16. 
Accordingly, an image signal is produced and the image 
signal is transmitted to scoring unit 63, which scores the 
portion of the image signal that belong to edges in alu- 

45 minum wiring as has been described above. The result- 
ing scores are sent to the analyzing unit 62, which after 
a predetermined time interval, for example 200 jisec, 
causes the parameter adjustment unit 61 to generate 
beam energy changing signal. Based on the beam 

so energy changing signal the voltage supply unit 61 
increases the accelerating voltage by a predetermined 
amount and maintains this new accelerating voltage 
until a further beam energy changing signal arrives. 
[0055] The detector 16 continues to measure the 

55 secondary electrons coming from the surface of the 
wafer, so that an image signal is produced. The scoring 
unit 63 continues to score the portion of the image sig- 
nal that belong to edges in aluminum wiring sends the 
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scores to the analyzing unit 62. After further 200 usee 
the analyzing unit 62 causes the parameter adjustment 
unit 61 again to generate beam energy changing signal. 
Based on the beam energy changing signal the voltage 
supply unit 21 decreases the accelerating voltage by a 5 
predetermined amount and maintains this new acceler- 
ating voltage until a further beam energy changing sig- 
nal arrives. 

[0056] By scoring the resulting image signal for 
another 200 usee and sending the results to the analyz- w 
ing unit 62, the analyzing unit 62 usually has enough 
information to compute a value for the beam energy or 
for any other parameter affecting the focusing proper- 
ties of the beam, so that the electron beam is correctly 
focused onto the first target area 52 when the electron is 
beam reaches the first target area 52. The analyzing 
unit 62 will then cause the parameter adjustment unit 61 
to generate beam energy changing signal (or e.g. an 
objective lens current changing signal), so that the cor- 
rect beam energy (or e.g. the correct objective lens cur- 20 
rent) will be used for the following measurement in the 
first target area 52. Once the measurement in the first 
target area 52 is completed, the electron beam is 
moved to the second target area 53, whereby, the 
described method will be repeated and the first target 25 
area 52 will now be used as a starting point. On its way 
to the second target area 53 the beam 4 may use a path 
that primarily extends over the second die 43. However, 
there are applications where one prefers to keep the 
beam 4 away from the die as long as possible. Accord- 30 
ingly, the beam 4 may also use the path 57 that primarily 
extends over the area between the dies 42 and 43. This 
area, usually called scribe line, also contains a large 
number of structures or features, like test circuits or 
alignment marks, so that feature edges can again be 35 
used as a repeating pattern in order to score the image 
signal. 

[0057] Driving the electron beam into focus while 
the specimen and/or the beam is moved to the new tar- 
get location has the advantage that the beam is basi- 40 
cally in focus when it reaches the target area. 
Accordingly, the actual measurement can start right 
away without the need for any additional focusing proce- 
dure. Accordingly, the throughput of the system and the 
productivity of the whole process is increased. Further- 45 
more, this is done through an analysis of the information 
obtained by the imaging system itself. Accordingly, no 
additional equipment is needed. 
[0058] Fig. 10 shows a flow chart of a further 
improved method for automatic focusing a charged par- so 
tide beam. This method can be used to focus a charged 
particle beam while the beam scans over the actual tar- 
get area. Furthermore, this method can also be used to 
focus a charged particle beam while the beam is on its 
way to the actual target area, like in the preceding 55 
example. 

[0059] The method starts with a predetermined 
parameter setting that is adapted to the specific meas- 
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urement needs. The charged particle beam is then 
moved over the specimen and at least one secondary 
product and/or backscattered particles coming from the 
specimen are measured to produce a first signal (Step 
a). The first signal is scored (Step b) and the value of at 
least one parameter affecting the focusing properties of 
the beam is changed by a predetermined amount 5 
(Step c). Suitable parameters include the beam energy, 
the objective lens current, the height of the specimen 
support or the voltage supplied to the specimen. With 
the new value of the parameter the beam is once again 
moved over the specimen and a second signal is pro- 
duced (Step d). This signal is also scored (Step e). 
[0060] In order to adjust the value of the parameter 
by an amount A in the direction of that value of the 
parameter resulting in the better score, the difference of 
the two scores is calculated and the amount A is chosen 
to be proportional to this difference (step f). Further- 
more, the amount 5 by which the value of the parameter 
is changed in step c is adapted. The amount 5 is also 
chosen to be proportional to the difference of the two 
scores. In a preferred embodiment these proportional- 
ity's are chosen in such a manner that the amount 8 is 
always smaller than the amount A 
[0061] Steps a, b, c, d, e and f are now repeated 
(step g) until the difference of the two scores (steps b 
and e) is less than a predetermined value e, that is, for 
example, smaller or equal to the depth of focus of the 
beam. Once the difference of the two scores is less than 
depth of focus of the beam, the correct focus setting has 
been found and the charged particle beam is now 
focused on the specimen. 

[0062] In the example shown in Fig. 10, the 
changes 5 and A are applied to the same parameter, for 
example the beam energy. However, one may also 
apply these changes to different parameters which 
affect the focusing properties of the charged particle 
beam. One may, for example, change the beam energy 
by an amount 5 in Step c and change the objective lens 
current by an amount A in Step g. Furthermore, in the 
example shown in Fig. 1 0 the change A is applied to the 
chosen parameter before the decision (Step g), whether 
or not the correct focus has been reached, is made. 
However, it is clear that the change A may also be 
applied to the parameter after this decision has been 
made. In case that the new method is used to focus a 
charged particle beam while the beam is moved to the 
actual target area the whole process is repeated until 
the actual target is reached. Thereby, the parameter val- 
ues that have been determined during one run of the 
method are used as starting values for the successive 
run. 

[0063] The method has the advantage that there is 
no need to define the focus search range in advance 
and the method in most cases converges much faster 
than the methods used in the prior art 
[0064] While the invention has been described with 
reference to four exemplary embodiments thereof, 
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those of ordinary skill in the art would appreciate that 
various implementations and variations are possible 
without departing from the scope and spirit of the inven- 
tion, as defined by the appended claims. For example, it 
should be readily apparent that the analyzing unit 32 
shown in Fig. 1 can be programmed so that it is also 
capable of performing the task of the analyzing unit 62 
shown in Fig. 6. Furthermore, it should be readily appar- 
ent that the analyzing unit 32 shown in Fig. 1 and ana- 
lyzing unit 62 shown in Fig. 6 can be programmed so 
that they are capable of performing the steps c), f) and 
g) as shown in Fig. 10. Similarly, the various supply 
units are provided as examples only, and other combi- 
nations or types of supply units may be used. Also, the 
scoring unit may use one or more of a plurality of differ- 
ent scoring algorithms, and these algorithms can be 
readily applied to any of the exemplary embodiments 
disclosed herein. Furthermore, the analyzing unit may 
also use one or more of a plurality of different analyzing 
algorithms, and these algorithms can be readily applied 
to any of the exemplary embodiments disclosed herein. 

Claims 

1 . A method for automatic focusing a charged particle 
beam comprising the steps of: 

a) bringing a specimen to an appropriate work- 
ing distance from an objective having a prede- 
termined focus setting; 

b) moving a charged particle beam over the 
specimen; 

c) measuring at least one secondary product 
and/or backscattered particles coming from the 
specimen to produce a signal; 

d) scoring the signal; 

e) changing the beam energy, 

f) analyzing the scores achieved with different 
beam energies; and 

g) adjusting the beam energy based on the 
analysis. 

2. The method according to claim 1 wherein the beam 
energy is changed in predetermined steps and the 
corresponding image signals are stored before the 
scoring is performed. 

3. The method according to any one of the preceding 
claims, wherein the accelerating voltage of the 
charged particle beam is varied within a few ten 
volts (±) of a nominal value, in order to compensate 
for a charge being present on the surface of the 



specimen. 

4. The method according to any one of the preceding 
claims, further comprising the step of applying a 

5 voltage to the specimen. 

5. The method according to claim 4 further comprising 
the step of varying the beam energy by an amount 
corresponding to the voltage applied to the speci- 

10 men. 

6. A method for mapping a charge distribution on the 
surface of a specimen, said method comprising the 
steps of: 

15 

a) bringing a specimen to an appropriate work- 
ing distance from an objective having a prede- 
termined focus setting; 

20 b) moving a charged particle beam over a 

specimen; 

c) measuring at least one secondary product 
and/or backscattered particles coming from the 

25 specimen to produce a signal; 

d) scoring the signal; 

e) changing the beam energy; 

30 

f) analyzing the scores achieved with different 
beam energies; 

g) adjusting for each scanned location the 
35 beam energy based on the analysis, so that 

each scanned location is in focus; and 

h) recording for each scanned location the 
beam energy or the changes of the beam 

40 energy together with the coordinates of the 

scanned location. 

7. The method according to claim 6 wherein the beam 
energies are chosen so that number of electrons 

45 entering and leaving the specimen is about the 
same. 

8. A method for focusing a charged particle beam onto 
a target area, the method comprises the steps of: 

50 

a) providing a specimen having at least one tar- 
get area and having at least one repeating pat- 
tern; 

55 b) moving the beam from a starting point on the 

specimen to the target area on the specimen; 

c) measuring at least one secondary product 
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and/or backscattered portions of the beam 
coming from the specimen, to produce a signal; 



17. A method for automatic focusing a charged particie 
beam comprising the steps of: 



d) scoring at least the portions of the signal that 
represent the pattern; 5 

e) changing the value of at least one parameter 
affecting the focusing properties of the beam; 
and 



f) analyzing the scores achieved with different 
values of the parameter and adjusting the focus 
of the beam based on the analysis, so that the 
beam is focused onto the target area. 

9. The method according to any one of the preceding 
claims, wherein the step of scoring is performed by 
using the first derivative of the signal or by using the 
Fourier transform of the signal. 

10. The method according any one of claims 8 to 9, 
wherein steps d) to f) are repeated until the target 
area is reached, so that the beam is focused onto 
the target area. 

1 1 . The method according to any one of claims 8 to 1 0, 
wherein steps e) and/or f) comprise changing the 
beam energy in order to affect the focusing proper- 
ties of the charged particle beam. 

12. The method according to any one of claims 8 to 1 1 , 
wherein steps e) and/or f) comprise changing the 
objective lens current in order to affect the focusing 
properties of the charged particle beam. 

13. The method according to any one of claims 8 to 12, 
wherein steps e) and/or f) comprise changing the 
height of a specimen support in order to affect the 
focusing properties of the beam. 

14. The method according to any one of claims 8 to 1 3, 
wherein steps e) and/or f) comprise changing the 
voitage supplied to the specimen in order to affect 
the focusing properties of the beam. 

15. The method according to any one of claims 8 to 14, 
wherein step e) comprises changing the value of at 
least one parameter affecting the focusing proper- 
ties of the beam in the positive as well as in the neg- 
ative direction. 
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a) moving a charged particle beam over a 
specimen and measuring at least one second- 
ary product and/or backscattered particles 
coming from the specimen to produce a signal 

b) scoring the signal; 

c) changing the value of at least one parameter 
affecting the focusing properties of the beam 
by an amount 5; 

d) moving a charged particle beam over a 
specimen and measuring at least one second- 
ary product and/or backscattered particles 
coming from the specimen to produce a signal; 

e) scoring the signal; 

f) using the scores achieved with the last two 
values of said one parameter to adjust the 
value of said parameter or the value of another 
parameter affecting the focusing properties of 
the beam by an amount A; 

g) repeating steps a), b), c), d), e) and f) until a 
predetermined score is reached, the difference 
of the scores and/or the amount A of the adjust- 
ment is less than a predetermined value. 

18. The method according to claim 17 wherein the 
amount A of adjustment in step e) depends on the 
difference of the scores achieved with the last two 
values of the parameter. 

19. The method according to any one of claims 17 to 

18, wherein the amount 5 of the change of the 
parameter value in step d) depends on the differ- 
ence of the scores achieved with the last two values 
of the parameter. 

20. The method according to any one of claims 1 7 to 

19, wherein the amount 8 of the change of the 
parameter value in step d) is proportional to amount 
A of adjustment of the parameter value in step e). 

21. The method according to claim 20, wherein the pro- 
portionality constant is smaller than 1 . 



16. The method according to any one of claims 8 to 15, 
wherein step e) comprises changing the value of at 
least one parameter affecting the focusing proper- 
ties of the beam in predetermined steps and the 
corresponding image signals are stored before the 
scoring is performed. 



22. The method according to any one of claims 17 to 

21, wherein the step of scoring is performed by 
using the first derivative of the signal or by using the 

55 Fourier transform of the signal. 

23. The method according to any one of claims 1 7 to 

22, wherein steps c) and/or f) comprise changing 
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the beam energy in order to affect the focusing 
properties of the charged particle beam. 

24. The method according to any one of claims 1 7 to 

23, wherein steps c) and/or f) comprise changing 5 
the objective lens current in order to affect the 
focusing properties of the charged particle beam. 

25. The method according to any one of claims 1 7 to 

24, wherein steps c) and/or f) comprise changing w 
the height of a specimen support in order to affect 
the focusing properties of the beam. 

26. The method according to any one of claims 1 7 to 

25, wherein steps c) and/or f) comprise changing is 
the voltage supplied to the specimen in order to 
affect the focusing properties of the beam. 

27. A charged particle apparatus for the examination of 
specimen comprising: 20 

a) a particle source (2) for providing a beam of 
charged particles (4); 

b) an objective (1 0) for focusing the charged 25 
particle beam onto a focal point; 

c) a specimen support (11) for bringing the 
specimen (8) to an appropriate working dis- 
tance from the objective; 30 

d) a detector (16) for measuring at least one 
secondary product and/or backscattered parti- 
cles coming from the specimen; 

35 

e) a scanning unit (12) for scanning the 
charged particle beam over a target area on 
the specimen, so that a signal is generated; 

f) a scoring unit (33) for scoring the signal; 40 

g) an analyzing unit (32) for analyzing different 
scores; and 

h) a parameter adjustment unit (31 ) for gener- 45 
ating beam energy changing signal thereby 
changing the focal point. 

28. The apparatus according to claim 27 wherein the 
parameter adjustment unit generates accelerating so 
voltage changing signal in order to change the 
beam energy. 

29. An apparatus for providing a map of the charge dis- 
tribution on the surface of a specimen comprising: 55 

a) a particle source (2) for providing a beam of 
charged particles; 



b) an objective (10) for focusing the charged 
particle beam onto a focal point; 

c) a specimen support (11) for bringing the 
specimen (8) to an appropriate working dis- 
tance from the objective; 

d) a detector (16) for measuring at least one 
secondary product and/or backscattered parti- 
cles coming from the specimen; 

e) a scanning unit (12) for scanning the 
charged particle beam over a target area on 
the specimen, so that a signal is generated; 

f) a scoring unit (33) for scoring the signal; 

g) an analyzing unit (32) for analyzing different 
scores; and 

h) a parameter adjustment (31) unit for gener- 
ating beam energy changing signal for each 
scanned location, so that each scanned loca- 
tion is in focus; 

i) a recording unit (37) for recording for each 
scanned location the beam energy or the 
changes of the beam energy together with the 
coordinates of the scanned location. 

30. An apparatus for the examination of specimen com- 
prising: 

a) a beam source (2) for providing a beam for 
the examination of specimen; 

b) at least one lens for focusing the beam onto 
the specimen; 

c) a detector (16) for measuring at least one 
secondary product and/or backscattered por- 
tions of the beam coming from the specimen; 

d) a specimen support (11) for supporting the 
specimen (8) and for moving the specimen rel- 
ative to the beam, so that an image signal is 
generated; 

e) a scoring unit (33) for scoring at least por- 
tions of the image signal; 

f) an analyzing unit (32) for analyzing different 
scores; and 

g) a parameter adjustment unit (31) for gener- 
ating at least one parameter changing signal to 
affect the focusing properties of the beam and 
for generating a focus compensation signal 
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Step a 

moving the beam and producing signal 1 






Stepb 

| scoring signal 1 : S1 






Stepc 

changing a parameter by an amount 8 






Stepd 

moving the beam and producing signal 2 






Stepe 
scoring signal 2: S2 






Stepf 

A=a(S2-S1) 8 = p(S2-S1) 
changing the parameter by amount A 






Stepg 

IF S2 - S1 < e then stop else repeat steps a-f 



FIG 10 



21 



■•fs"; - -^-. r-:.' ^ 



THIS 



is. 



